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 要  旨 
携帯電話の普及に伴い, 無線通信の大容量化が必要不可欠となっている. より安価なコス
トでより多くの情報を伝送するための技術として, コア径の大きなファイバを導入した光ファ
イバ無線(RoF: Radio-over-Fiber)が挙げられる. RoF とは無線信号を光信号に変換し, 光フ
ァイバを用いて伝送させることにより損失を少なく長距離の伝送を可能にする技術である. 
このように RoFは一般的には長距離伝送で用いられているが, 近年, 無線通信の高周波
化のため, ホームネットワークなどの短距離通信においても光ファイバ無線の重要性が高
まっている. またコア径の大きな光ファイバは接続が容易であり, コネクタなどの光素子の
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???????????? (RoF: Radio-over-Fiber)??????. RoF?????
?????????, ???????????????????????????
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???????, ??????????, ????????, ??????????
?????????????????????. ???????????????
???????????? (SMF: Single Mode Fiber)??????????.














Multi Mode Fiber)????????????????????????? (GI-POF:





















????????????? (A-RoF: Analog Radio over Fiber)???????
????????????????????, ????????????????
???????.
? 2.1? RoF????????. ??????, ??????????????


























? 10 m???????????. ??GI-MMF????? 50 m, ??? 62. 5




???????????? (SI:Step Index)?GI(Graded Index)????????
???.
?? 2.3???????, ??????????????????????????























































?? F. Forni et al.,? LTE-A compliant multi-band radio and gigabit/s baseband
transmission over 50 m of 1 mm core diameter GI-POF for in-home networks,?
Electronics Letters, Vol.52, pp.738-740, 2016.
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2.4 ????????????????












???????????, ??????????. ????????, ??????
????? (VCSEL: Vertical Cavity Surface Emitting Laser)?????????





















???????????. ?????????, ?????????????, ??
??????????????????????. ??????????????























???????????????????????????, ???? 50 m??
?? 3???????????????. ????????GI-MMF, GI-POF?
BI-GI-POF???.
?????, ???????? 1550 nm???????? (ECL: External Cavity
Laser)?????. ECL??????????,??????????? (LNM:LiNbO3
Modulator)?????????????? (SG: Signal Generater)???????
????????????. ?????, ?? LAN?????????????
????? (OFDM: Orthogonal frequency division multiplexing)? 64-QAM(64-
quadrature amplitude modulation)??????. ???, ???????????
???? (EDFA: Erbium-Doped Fiber Amplier)????????,???????
?? (BPF: Band Pass Filter)??????????, ?????? (VOA: Variable
Optical Attenuator)???????????. ???, ????????? (MS:
Mode Scrambler)???????????????????. 1 m?GI-MMF??
?????????????, ???????????. ??? 1 m, 5 m, 10 m?
GI-MMF, GI-POF?BI-GI-POF??????????????. ???, ????
???? (PD: Photo Diode)????????????. PD??????????
??????? (OPM: Optical Power Mater)????PD???????????
????????. ?????? (ATT: Attenuator)?????????????
?????, ????????? (SA: Signal Analyzer)????????????
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??????????? (EVM: Error Vector Magnitude)??????.
3.4 ???????????????????
? 3.4???????????????????? 2 m?????????X?
??? EVM???????.
? 3.5: ?????????? 1 m?????????????????
? 3.6: ?????????? 5 m?????????????????
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? 3.7: ?????????? 10 m?????????????????
? 3.5, ? 3.6?? 3.7??????, ??????????? 1 m???????
GI-POF? EVM?????????GI-MMF, BI-GI-POF??????????
EVM??????????????. ?????????????? 10 m???
?GI-MMF????????EVM?????????????????. ???
GI-POF?BI-GI-POF?????????????????????EVM???







????. ?????? 12 m, ????? 5 mm, ???? 2?????????
?????????????????. ????????.
? 3.8: ?????????????????
? 3.9: ??????????? EVM?????
? 3.8??BI-GI-POF?GI-MMF, GI-POF????????????????
?????????????????????????????????????






4???????? (PAM-4: Pulse Amplitude Modulation)??, ??????
?????????OOK(ON-O Keying)??? 2??????????????
?. ???? 4.1?OOK??? PAM-4????????????. ??????
????????????????OOK??? 2???????? 2bit????
????.













?????????????. ????????GI-MMF, GI-POF? BI-GI-POF
???. ?????, ???????? 1550 nm???????? (ECL: External
Cavity Laser)?????. ECL??????????, ???????????
(LNM:LiNbO3 Modulator)???? 2???????????? (PPG: Pulse Pat-
tern Generater)??????????????????. ???? PAM-4???
??????? 2.7 Gbps? 2.7 Gbps???? 5.4 Gbps, ???, 4.52 Gbps? 4.52
Gbps???? 9.04 Gbps?PAM-4???????. ???, ??????????
????? (EDFA: Erbium-Doped Fiber Amplier)????????, ????
????? (BPF: Band Pass Filter)??????????, ?????? (VOA:
Variable Optical Attenuator)???????????. ???, ?????????
(MS: Mode Scrambler)???????????????????. 1 m?GI-MMF
???????????????, 10 m?GI-MMF, GI-POF?BI-GI-POF???
???????????. ???, ???????? (PD: Photo Diode)?????
???????. PD????????????????? (OPM: Optical Power
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Mater)???? PD???????????????????. ???, ????
??? (OSC: Oscilloscope)?????????????????????????
Q????????? (BER: Bit Error Rate)?????.
? 4.3: ?????????? PAM-4?????????
??, ? 4.3???????? PAM-4??????????. ????????
????????PAM-4?????????????????, ????????
????????????????????????????. ????????
?? 4.2??????????, ????PAM-4?????????? 5.4 Gbps?




???? 4.2?????????? 5.4 Gbps????????Q?, BER???.
???????????????? 10 mV/div???.
? 4.4: ?????? 5.4 Gbps, Back to Back??????
? 4.5: ?????? 5.4 Gbps, 10 mGI-MMF????????????
? 4.6: ?????? 5.4 Gbps, 10 mGI-POF????????????
20
? 4.7: ?????? 5.4 Gbps, 10 mBI-GI-MMF????????????
? 4.1: ? 4.4-? 4.7?????????BER?Q?
Back to Back GI-MMF GI-POF BI-GI-POF
Q? 2.67 2.67 2.64 2.66






????????? 9.04 Gbps??????Q?, BER???. ???????
????????? 10 mV/div???. ??? 100 ps/div???.
? 4.8: ?????? 9.04 Gbps, Back to Back??????
? 4.9: ?????? 9.04 Gbps, 10 mGI-MMF??????
? 4.10: ?????? 9.04 Gbps, 10 mGI-POF??????
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? 4.11: ?????? 9.04 Gbps, 10 mBI-GI-MMF??????
???? 4.2??????Q??BER???????.
? 4.2: ? 4.8-? 4.11?????????BER?Q?
Back to Back GI-MMF GI-POF BI-GI-POF
Q? 2.39 2.38 2.33 2.33
BER 8:33 10 3 8:60 10 3 1:00 10 2 9:78 10 3
? 4.8-? 4.11??????GI-POF?BI-GI-POF?GI-MMF????????
???????????????????Q??BER ????????????
??????????????????????????. ????? 10 m???
????????, ???????????????Back to Back???????
?????, ?? 3?????????????????????????????




10 m????????????????????Q?, BER???. Back to Back
?? 4.3???????????????. ????? 200 ps/div???.
? 4.12: ?????? 5.4 Gbps, Back to Back??????, ??? 10 mV/div
? 4.13: ?????? 5.4 Gbps, ????? 10 m, 10 mGI-MMF??????, ?
?? 5 mV/div
? 4.14: ?????? 5.4 Gbps, ????? 10 m, 10 mGI-POF??????, ?
?? 5 mV/div
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? 4.15: ?????? 5.4 Gbps, ????? 10 m, 10 mBI-GI-POF??????,
??? 5 mV/div
? 4.3: ? 4.12-? 4.15?????????BER?Q?
Back to Back GI-MMF GI-POF BI-GI-POF
Q? 2.58 2.47 2.44 2.44
BER 4:98 10 3 6:68 10 3 7:31 10 2 7:28 10 3




??????? 12 m????????????????????Q?, BER?
??. ????? 200 ps/div???.
? 4.16: ?????? 5.4 Gbps, Back to Back??????, ??? 10 mV/div
? 4.17: ?????? 5.4 Gbps, ????? 12 m, 10 mGI-MMF??????, ?
?? 5 mV/div
? 4.18: ?????? 5.4 Gbps, ????? 12 m, 10 mGI-POF??????, ?
?? 5 mV/div
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? 4.19: ?????? 5.4 Gbps, ????? 12 m, 10 mBI-GI-POF??????,
??? 5 mV/div
? 4.4: ? 4.16-? 4.19?????????BER?Q?
Back to Back GI-MMF GI-POF BI-GI-POF
Q? 2.58 2.39 2.41 2.30
BER 4:98 10 3 8:39 10 3 7:94 10 2 1:02 10 2
? 4.16-? 4.19???????BI-GI-POF?????????????????,
Q??BER???????. Back to Back??????????????????
???????Q?? BER????????????????. ?????? 10
m??????????????????????????????????.
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???,????? 14 m????????????????????Q?, BER
???. ????? 200 ps/div???.
? 4.20: ?????? 5.4 Gbps, Back to Back??????, ??? 10 mV/div
? 4.21: ?????? 5.4 Gbps, ????? 14 m, 10 mGI-MMF??????, ?
?? 5 mV/div
? 4.22: ?????? 5.4 Gbps, ????? 14 m, 10 mGI-POF??????, ?
?? 5 mV/div
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? 4.23: ?????? 5.4 Gbps, ????? 14 m, 10 mBI-GI-POF??????,
??? 5 mV/div
? 4.5: ? 4.20-? 4.23?????????BER?Q?
Back to Back GI-MMF GI-POF BI-GI-POF
Q? 2.58 2.10 2.13 1.80
BER 4:98 10 3 1:77 10 2 1:68 10 2 3:61 10 2
? 4.24: ????????????????Q????????






















???, ???????? 1550 nm???????? (ECL: External Cavity Laser)
?????. ECL??????????, ??????????? (LNM:LiNbO3
Modulator)?????????. ???????, ?????????? (PPG:
Pulse Pattern Generater)???????????? 1.2 Gbps?OOK-NRZ(On-O
Keying Non-Return to Zero)????????????? (SG: Signal Generator)
?????? IEEE????????????????? 2.4 GHz???????
??????????????????. ???, ??????????????
? (EDFA: Erbium-Doped Fiber Amplier)????????, ????????
? (BPF:Band Pass Filter)??????????, ?????? (VOA: Variable
Optical Attenuator)???????????. ???, ???????? (PD:Photo
Diode)????????????. PD????????????????? (OPM:
Optical Power Mater)???? PD???????????????????. ?
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??, ?????????????? 1.8 GHz????????? (LPF: Low-Pass
Filter)???????????????, ??????? (OSC: Oscilloscope)??
????????????????. ????????????????????
?? (SA: Signal Analyzer)?????????????????????????











???????????????????? 2.6 Gbps, ???????????
5.2 GHz???????????????. ??????????.
? 5.3: ????????????? 2.6 Gbps, ?????????? 5.2 GHz??
????????????????????
? 5.4: ?????????? 0.4 V????????????????????
EVM????









?. ???????????? 1 dBm, ?????????? 0.4 V??????
????????????.
? 5.5: ?????????? 0.4 V?????????????????????
??








????????????? 1.2 Gbps, ??????????? 2.4 GHz????
?????????????.




? 5.7??????????????????????. PPG???? 0.4 V?
??EVM??? 7 %?????????????EVM????????????









? 5.8: SG?????????????????? ??? 20 mV/div ??? 200
ps/div
? 5.9: SG???? 0 dBm???????????? ??? 20 mV/div ???
200 ps/div
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? 5.10: SG???? 5 dBm???????????? ??? 20 mV/div ???
200 ps/div
? 5.11: SG???? 10 dBm???????????? ??? 20 mV/div ??
? 200 ps/div
37
? 5.8-5.11????????? 0 dBm???????????????????
????????, ??? 10 dBm?????????????????????
?????????????????. ??????? 5.7???????????
???? 0.2 V, ?????????? 10 dBm?????. ?????????
???????????????????? EVM??????. ???????
????????? 2.4 GHz?? 1.2 GHz?? 0.1 GHz????????? EVM
?????. ???????????????????????????????
EVM??????.
? 5.12: ?????????????????? EVM
? 5.13: ???????????????????????????? EVM
? 5.12?? 5.13???? EVM?????????????????????,
???????????????. SG?????? 5 dBm??? 10 dBm??
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?????????????????????????????????????







?????? 1.2 GHz, ?? 10 dBm???????????????????.
? 5.14: ??????????? 1.2 GHz, ??? 10 dBm??????????












????????????????. ?????, ???????? 1550 nm???
????? (ECL: External Cavity Laser)?????. ECL??????????,
??????????? (LNM:LiNbO3 Modulator)?????????. ????
???, ?????????? (PPG: Pulse Pattern Generater)?????????
??? 1.2 Gbps, ?? 0.2 V?OOK-NRZ(On-O Keying Non-Return to Zero)??
??????????? (SG: Signal Generator)?????? IEEE??????
??????????? 2.4 GHz, ?? 10 dBm???????????????
??????????. ???, ??????????????? (EDFA: Erbium-
Doped Fiber Amplier)????????, ????????? (BPF: Band Pass
Filter)??????????, ?????? (VOA: Variable Optical Attenuator)?
??????????. ???????? 10 m?GI-MMF, GI-POF, BI-GI-POF,
20 m?GI-MMF, GI-POF, BI-GI-POF???????????????????.
???, ???????? (PD:Photo Diode)????????????. PD??
??????????????? (OPM: Optical Power Mater)???? PD??
?????????????????. ???, ?????????????? 1.8
GHz????????? (LPF: Low-Pass Filter)???????????????,
??????? (OSC: Oscilloscope)??????????????????. ??
????Q????????? (BER: Bit Error Rate)??????. ?????
??????????????? (SA: Signal Analyzer)????????????





? 5.16: Back to Back????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.33
? 5.17: Back to Back????????????????????? ??? 10





? 5.18: 10 mGI-MMF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.27
? 5.19: 10 mGI-MMF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.15 ???????EVM 2.95 %
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?? 20 m?GI-MMF?????????.
? 5.20: 20 mGI-MMF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.20
? 5.21: 20 mGI-MMF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.09 ???????EVM 3.02 %
? 5.18??? 5.21???????????????Back to Back???????
??. ??Q???????????????????. ??, ?????????





? 5.22: 10 mGI-POF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.32
? 5.23: 10 mGI-POF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.20 ???????EVM 3.12 %
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?? 20 m?GI-MMF?????????.
? 5.24: 20 mGI-POF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.44
? 5.25: 20 mGI-POF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.14 ???????EVM 3.18 %
? 5.22??? 5.25??????????????????? Back to Back??
???????. ??? 20 m????????????????????EVM?





? 5.26: 10 mBI-GI-POF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.38
? 5.27: 10 mBI-GI-POF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.30 ???????EVM 3.08 %
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??? 20 m?BI-GI-MMF?????????.
? 5.28: 20 mGI-POF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.39
? 5.29: 20 mGI-POF????????????????????? ??? 10
mV/div ??? 200 ps/div ???????Q?=5.28 ???????EVM 2.96 %















?????. PAM-4?????????, ??????????? 10 m?????
?????????????????????????????????????






























?????. ??, ??????????????????????????? ?




 ????, ????, ????, ????, "???????????????
?????RoF???????," ???????????????????
???????, MWP2016-69, ?????????????, 2017? 1??
 R. Azumai, T. Aiba, M. Matsuura, and T. Wakabayashi, "Evaluation of noise
characteristics in graded-index silica and plastic optical bers for RoF links,"
Conference on Lasers and Electro-Optics Pacic Rim/OptoElectronics and
Communications Conference/Photonics Global Conference (CLEO-PR/OECC/PGC
2017), P1-126, Singapore, July 2017.
 ????, ????, ????, "????????????????????
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